Mountain block recharge is the least well quantified owing to the lack of a thorough understanding of mountain block hydrological processes. Observations of spatio-temporal variations of groundwater were employed to clarify hydrologic processes in a semi-arid mountainous watershed of northern China. Results showed that the annual feeding rate of precipitation changed between 21% and 40%.
INTRODUCTION
Surface water is usually limited and inconsistent in semi-arid and arid regions. Groundwater offers a reliable source of water. Mountains often receive more precipitation than the adjacent lowlands due to orographic effects (Wilson & Guan ) and produce a considerable mountain front (1) subsurface inflow from the adjacent mountains; and (2) infiltration from streams near the mountain front. The subsurface inflow forms 45% of recharge to the basin aquifers in humid southwestern British Columbia (Doyle et al. ) .
However, basin aquifers are recharged through infiltration from streams and not the subsurface inflow in the Adelaide Plains basin, South Australia (Bresciani et al. ) . In addition, reservoir seepage accounts for a large proportion of mountain-front recharge (Li et al. ) . Research on hydrologic processes of mountain groundwater is needed to improve the understanding of MFR.
Although mountainous terrain occupies a significant portion of the Earth's land surface, hydrologic processes in mountain watersheds are still poorly understood. Mountain-block hydrology examines all hydrologic processes in term observations (Carling et Bedrock is generally exposed at elevations greater than 100 m and is comprised of limestone and marble in the north, granitic gneiss in the middle and conglomerate in the south of the watershed. The weathered layer is no more than 3 m in depth. The valley bottom is filled with unconsolidated sediments from repeated alluvial processes.
Soil in the area is mainly sandy loam and loess, which has accumulated in the valleys up to depths of 1-2 m. The shallow groundwater occurs in fissured bedrock and basin-fill sediments.
Method
Eight domestic wells (W1-W8) were used to record the groundwater regime ( Figure 1 ). All wells disclose fractured bedrock with a weathered crust on the top. The above mathematical analyses were achieved by programming under the Matlab environment.
RESULTS AND DISCUSSION
Distinct spatio-temporal patterns of groundwater Although precipitation depletes heavy isotopes in winter and enriches them in summer, the seasonality was not presented in the groundwater system based on the two-year observation. It is inferred that the groundwater is meteorologically originated and well mixed to smooth seasonal isotopic variation. Therefore, there is no quick cycled groundwater with a transit time shorter than the seasonal period.
Spatio-temporal variance of groundwater (Table 3) 
Considerable infiltration of precipitation
The effective precipitation is usually smaller than the total precipitation in woodland, equal to the sum of throughfall and stem-flow. Based on long-term observation, throughfall P 1 and stem flow P 2 can be obtained (Table 4 ). The average precipitation input of the watershed P can be estimated as follows:
where P t is the total precipitation (mm); the area percentage of the woodland is 42.2%. No surface runoff was generated during the period according to the records from the V-type weirs stations. Therefore, the water balance of the studied watershed was established as follows:
where ET is the actual evapotranspiration, R ss is interflow, Station (Figure 1 ), the actual evapotranspiration was estimated by Hu () using the FAO Penman-Monteith equation and Pei method ().
In mountainous terrain, a layer of higher-permeability rocks often overlies lower-permeability rocks (Gleeson & Manning ) . Interflow usually occurs on the interface of permeability contrast. Direct recharge diffusing vertically and entering a mountain aquifer becomes a bedrock percolation, which often produces water level ascending. The sum of interflow and bedrock percolation can be calculated by the water balance residual approach (Table 5 ). The two parts originated from infiltration of precipitation becoming groundwater Bedrock percolation reaches downwards groundwater in an aquifer producing water level ascending. However, peaks of water level were not a common phenomenon after precipitation events beneath slopes (Figures 4 and 8) .
The water level remains constant or even declines after rain events. It is inferred that bedrock percolation is not the main recharge mechanism for mountain blocks in this case. Precipitation infiltration was held by soil or transported downslope as interflow.
Interflow often occurs through preferential flow networks. Usually, there are two types of subsurface lateral preferential flow (LPF) network: (1) a network of connected preferential flow pathways and (2) a network of water flow along permeability contrast (Guo et al. ) . Therefore, the total matrix potential gradients could be strongly lateral Lable P means precipitation every 10 days. Despite the focused recharge, the highest correlation coefficient between groundwater level and precipitation was only 0.41, found in the valley where pumping-induced dips were removed to calculate correlation. In the rainy season, rains mainly occurred on a scale of several hours depending on the form of the storm. The observation interval was 5 days for water table depth. The time interval of observation may be too large to achieve the exact correlation.
Rare but significant bedrock percolation
Some hillslope hydrologic studies assume that the bedrock is essentially impermeable and do not allow significant bedrock percolation. According to our observations, the hypothesis is applicable in an arid or semi-arid watershed.
However, when rock is fractured, its permeability can increase by several orders of magnitude. Bedrock with sufficiently high bulk permeability (fracture and matrix) has the potential to allow for significant bedrock percolation (Wilson & Guan ) . If the water is available, it can accept water at rates high enough to lead to significant bedrock percolation.
During the observation, a detailed hydrologic process of bedrock percolation was recorded at site W7 (Figure 8 ). response to the extreme rainfall by bedrock percolation.
Leaching salts from soil produced the EC peak. Higher air temperature introduced the temperature peak of groundwater. Although the water table did not ascend in the first two months of the rainy season due to long-term dry conditions, antecedent soil water deficit was compensated.
Therefore a heavy rain event could produce the prominent bedrock percolation. Increased soil moisture could increase permeability of the unsaturated sediments and water head can increase to a point where the system can overcome the permeability barrier of the lower K bedrock. Bedrock percolation can still occur during temporally wet periods even in a semi-arid environment. In such cases, the occurrence of bedrock percolation requires multiple closelyspaced rainstorms.
Annual precipitation was obviously lower than 550 mm To explore the influence of lateral recharge, increasing rates of water level were calculated based on the high-temporal resolution records. In the first stage, August 12th-14th, the ascending rate was 2.73 m/d. On the second stage, August 21st-September 21st, the rate was 3.12 cm/d.
It is inferred that lateral recharge imposed a stronger and longer influence on groundwater of the watershed than that of the marked bedrock percolation. The water table (Table 6 ).
Groundwater was pumped almost daily at W8. The water level recovered very soon after the pumping ended 
